Many private wells in the United States and Canada already are contaminated, or are at risk of contamination. Regular testing for pathogenic bacteria is one of the most concrete measures well owners can use to determine whether or not their drinking water quality is safe. This study explored the factors and causal relationships that influence well owner water quality testing behavior. In-depth, semi-structured interviews were used to evaluate the stewardship behavior of 22 well owners in Ontario, Canada. Causal networks were created for each interviewee. These were then aggregated to determine key factors and causal relationships. The research revealed that motivations for regular testing include peace of mind and reassurance. Barriers include
INTRODUCTION
The assumption is that education will lead to appropriate behavior. However, for this to occur, a clear understanding of well owner behavior is needed. Specifically, it is necessary to understand why well owners do or do not test their well water. Few studies have been conducted to determine influences on water testing (e.g. Jones et al. Green Communities Association (GCA) ). As such, studies of private-sphere environmentalism can offer insights into water testing behavior. However, gaps in understanding remain. In their meta-analysis of proenvironmental behaviors, which focused primarily on private-sphere environmentalism, Bamberg & Möser () identified several core psycho-social factors that commonly influence individuals' actions towards the environment. Additionally, they suggested that future research needs to focus on the causal processes suggested by theoretical models, as these are not well understood (Bamberg & Möser ) . This paper reports findings from a study of water testing behavior of private well owners in the Province of Ontario, Canada. The study had two specific goals: (1) To identify factors that influence testing behavior; and (2) to reveal and suggest causal relationships among factors.
Accomplishing these goals provided a firmer basis for designing stewardship programs relating to private well stewardship. Private wells are an important source of drinking water for rural residents across North America. Thus, findings from the study are broadly relevant in jurisdictions where private well owners are primarily or exclusively responsible for ensuring the quality of their drinking water supplies.
FACTORS INFLUENCING PRO-ENVIRONMENTAL BEHAVIORS
Private-sphere environmentalism has been studied extensively using psychologically-oriented models of behavior; these models typically suggest specific causal relationships.
Ajzen's () theory of planned behavior (TPB), adapted from the theory of reasoned action (Fishbein & Ajzen ) , has been used as the theoretical core of many of these models. The theory of planned behavior posits that a given behavior is predominantly influenced by a rational intention to perform that behavior. That intention is a function of attitudes towards the behavior in question, subjective norms imposed by society, and perceived behavioral controls, which all may influence one another (Ajzen ).
The empirical relevance of the TPB has been demonstrated by recent studies of private-sphere environmentalism Nonetheless, the predominantly ego-centric focus of the TPB has been challenged. Most notably, Schwartz's () norm activation model has been used to illustrate altruistic motivations for pro-environmental behavior. In this model, feelings of responsibility or guilt regarding consequences to others or the environment shape an individual's personal norms toward a specific behavior. As in the case of the theory of planned behavior, empirical research also supports models that focus on personal norms and those that further incorporate values and beliefs (Karp ; Fransson & Gärling ; Tanner ).
Hines et al.'s () first meta-analysis of pro-environmental behaviors illustrates that self-interest and pro-social motivations can be combined to produce more robust descriptions of behavior. Stern et al. () proposed a model for the motivations behind environmental action that was the sum of three 'orientations' towards preservation: Self (egoistic), others (social), and the environment (biospheric). Others have continued to build on the TPB. The relative importance of structure (external factors) versus agency (internal factors) in accounting for human behavior is a fundamental concern in the social sciences.
For purposes of a study such as this one, it is not necessary to take a firm position for one side versus another. For instance, many external factors are incorporated into the TPB through the lens of perceived behavioral controls (Ajzen ) . This suggests that both internal and external factors accounting for human behavior can and should be addressed in studies of stewardship behavior. As with locus of control, external factors will influence privatesphere environmentalism, as will perceived behavioral controls. Recognizing this, it is still useful to identify locus of control and specific external factors to determine whether or not they actually demonstrate similar influences. 
RESULTS

Factors and processes facilitating water testing
The aggregate causal network for the 13 well owners who performed annual water tests for bacteria is provided in Figure 1 and a summary of influential factors is provided in Table 1 . As noted in the methods section, the relative importance of each factor or relationship was determined simply based on the frequency with which factors were identified, e.g. 'high' cross-case importance occurred when half or more of the well owners identified a factor. Inconvenience as a constraint on their well testing behavior noted that traveling to the health unit could take upwards of 80 minutes for a round trip. Despite the inconveniences, all 13 well owners who reported testing for bacteria did so at least once per year. In different ways, they all suggested that the inconvenience was minor or that testing was important enough to ignore, or to cope with, the inconvenience.
Past behavior (g), an influencing factor of moderate importance, also made it easier for some well owners to overcome the inconvenience of testing. For example, Well Owner 14 recalled testing his well for a number of years and began to have the Attitude (g) that it was a regular 'chore' (g → h). seemed like a sensible thing to do, I mean it's kind of difficult to argue against it … They gave us the idea that
[testing] was something we ought to do. And we've done it ever since on a fairly regular basis'. Overall, knowing about testing and why testing was important was sufficient for these three well owners, and four others, to have the Attitude that testing is a sensible behavior (b → h).
Although not all well owners had a lot of knowledge of the environment, all believed that groundwater quality could change due to human influences. For 12 well owners, this knowledge led them to desire Peace of mind (b → c) or reassurance, an influencing factor of high importance.
Specifically, well owners wanted peace of mind about their water quality, influencing their attitudes that testing was 'useful' and 'important' (c → h). This was the primary reason all well owners tested their wells, despite the fact that none reported having water quality problems. As Well Owner 4 explained, he tests 'just to know that the quality of the water is good, that it's safe to drink. That is our drinking water, so … It's because it may not always be fine I guess. Personal norms (f) were also found to be an influential factor, but were of low importance. Two well owners felt a responsibility, as part of a community of groundwater users, to routinely test their well water. Both made the connection between general water stewardship and well water testing, which gave them the attitude that testing is 'important' (f → h), although neither stated that this was their primary reason for testing.
Attitude towards testing (h) and Intention (j) were influences of high importance. All 13 well owners had positive attitudes towards sampling. In each instance, a positive attitude led directly to the intention and action of testing
While all 13 well owners in the group were chosen because they had reported testing for bacteria once a year, a few also noted factors that constrained testing behavior. In addition to inconvenience, but of low importance, were other Difficulties performing the behavior (n). Well Owner 2 noted that it was easy to accidentally spoil a water sample by touching the faucet or sample bottle, forgetting to take the aerator off the tap, or not letting the tap run for enough time. Well Owner 3 additionally added that she found it difficult to twist the aerator off her faucet. Both of these difficulties were substantiated with personal observations. However, neither difficulty was considered substantial enough, by the interviewees or researcher, to deter action.
Factors and processes constraining water testing
The aggregate causal network for the nine well owners who did not perform annual water tests for bacteria is provided in Figure 2 and a summary of influential factors is provided in Table 2 . Infrastructure (b) was of high importance as a constraint, and of low importance as a facilitator. As with those who did perform routine bacteria tests (above), the distance to, and operating hours of, the Public Health unit were identified as being inconvenient (b → e). Almost all well owners in this group indicated that travelling to the health unit was a deterrent to routine testing, often due to occupational constraints. For example, Well Owner 10, a fulltime dairy farmer, found it was difficult to make extra time when considering other farm chores: 'There's only so many things you can do, so it usually doesn't get done.
That's about the only way you can put it'. Well Owners 9
and 19 specifically stated that they would test more frequently if it were not so inconvenient.
Knowledge of the behavior and environment (a) was also an antecedent of high importance for well owners who did testing. The number of well owners who identified a factor or causal relationship is noted in parentheses for each factor and for each causal relationship. For instance, 9 interview subjects identified Knowledge of behavior and/or environment (a) as an antecedent of behavior, while 2 of these people made a causal connection between knowledge and Problem perception (c).
not test their water for bacteria annually. Six well owners recognized why testing should be performed, which influenced their attitudes that testing was 'sensible' (a → e).
However, this understanding was insufficiently thorough for all nine well owners to have the attitude that testing was a 'low priority' (a → e). This complacency tempered attitudes that testing was 'sensible' by enforcing the notion that it is also a 'low priority' (d → e). For example, Well Owner 9 acknowledged reasons to test for bacteria and, while he noted inconvenience as a constraint, he was retired, and did not have any immediate reasons for not testing. Rather, Well Owner 9 was complacent, and did not feel that testing was urgent:
'I guess after all these years I guess I've become a bit blasé. It's always provided us with water that tastes good and looks okay … I guess as time and years have gone by, you sort of get lulled into a sense of security of some sort. The water looks good, it tastes good, we're not sick, it must be O.K.'
Although none of these nine well owners tested their water for bacteria on a routine basis, most indicated that they had tested for bacteria at least once. Reasons identified for why a test had been performed at least once previously included aesthetic changes in water quality (e.g. murky water, odor), changes in health (e.g. gastrointestinal upset), or legal or policy reasons (e.g. mortgage renewal).
DISCUSSION
A number of factors were found to clearly influence well owners' testing behaviors. Stern () and Jensen () suggested that knowledge often acts as an antecedent, in other words, it directly enables behavior. In this study, knowledge and understanding of testing and environmental conditions indirectly influenced testing behavior among participants. Ignorance and misinformation contributed to some well owners not testing, mostly by influencing their attitudes. Knowing why testing is important appealed to well owners' sensibilities, but this knowledge was not sufficient in and of itself to motivate action in most cases. This finding supports Barr's () suggestion that more information and better education by themselves rarely alter behavioral patterns. In this study, accurate knowledge simply contributed to peace of mind, and thus acted mostly as an antecedent for other factors. Lack of a perceived problem acted as a constraint by creating a sense of complacency in some well owners.
Well owners were lulled into a sense of security about their water supplies -a condition that occasionally was reinforced by a lack of prior testing behavior. Diametrically opposed to complacency was the need for peace of mind or reassurance, which was the most prominent influence on well owners who performed annual bacteria testing. Overall, these two opposing factors often provided the most obvious explanations for well owners' testing behaviors. 
CONCLUSIONS
This research revealed that private well owners' motivations for annual pathogenic bacteria testing often centre on peace of mind and reassurance. The most important barriers identified include complacency, inconvenience, and lack of a perceived problem. Knowledge and better information by themselves were found to provide a weak basis for changing behavior, but did influence behaviors in combination with other factors.
Addressing these barriers to routine water testing, and reinforcing motivations, will prove to be a continuing challenge for water managers. Removing structural constraints, such as inconvenience, is an important first step, but longer-term initiatives should aim to change well owners' perceptions of water safety or create other incentives for testing.
Further research will be needed to explore more deeply than was possible in this study the causal relationships among factors. Figures 1 and 2 
